Purpose Tumours of the calcaneus are exceedingly rare and the correct diagnosis is often missed. X-rays are the standard clinical examination tool and therefore we wanted to discover whether X-rays alone were a sufficient diagnostic tool for these tumours. Diard's classification was applied to define whether different types of lesions were characteristically distributed in the bone and in addition we analysed whether type and/or duration of symptoms were possible indicators of malignancy. Methods Ninety-two patients' files (59 men and 33 women) were retrospectively reviewed. Seventy-five patients with a mean age at surgery of 28 years (range five to 78) were surgically treated. Parameters analysed were sex, age at surgery, side, type and duration of symptoms, tentative diagnosis, biopsy prior to surgery, operative procedure, recurrence rate, revision and localisation of the lesion according to Diard. For each lesion the first documented radiological diagnosis andin cases of malignancy-Enneking's classification was applied.
Introduction
Tumours of the calcaneus are exceedingly rare, although intraosseous lipomas and simple bone cysts are disproportionately frequent at this site compared to the rest of the appendicular skeleton [1] [2] [3] . Due to their rarity, the correct diagnosis is often missed for months and in addition the treatment is often inadequate [4, 5] . Patients with tumours involving the musculoskeletal system often present with a history of trauma, which may mislead the physician when determining the correct diagnosis. Both benign and tumour-simulating processes are asymptomatic at first, since they grow slowly. Thus they are often found incidentally [6] .
This retrospective data analysis of 92 patients with osteolytic lesions of the calcaneal bone was initiated to investigate 1. If X-rays alone were a sufficient diagnostic imaging tool for these lesions. 2. Furthermore, we wanted to determine whether different types of lesions were characteristically distributed with regard to the calcaneal bone architecture according to Diard et al. [7] . 3. Finally, type and duration of symptoms were analysed as possible indicators of malignancy.
Methods
All documented cases of osteolytic lesion of the os calcis that were admitted to our departments [Berlin (n =9), Vienna (n = 12), Graz (n =27), Birmingham (n =44)] between 1992 and 2011 were included in this study. Accordingly, data from 92 patients (59 men and 33 women; one male patient had bilateral lesions) were acquired. In 77 cases patients underwent surgery (mean age at surgery 28 years; range five to 78). However, not all conservatively treated cases were included in this study, as they often were not documented in the tumour databases. The distribution of definitive diagnoses is shown in Fig. 1 . The patients' files were retrospectively examined regarding sex, age at surgery, side, type and duration of symptoms, tentative diagnosis, biopsy prior to surgery, operative procedure, recurrence rate, revision and localisation of the lesion according to Diard's classification. We wanted to analyse type and duration of symptoms especially as possible indicators of malignancy. The tentative diagnosis was defined as the first documented radiological diagnosis. Accordingly, for each lesion the first documented radiological report and-in cases of malignancy-Enneking's classification [8, 9] for malignant tumours were retrieved from the patients' files to determine whether tentative radiological and definitive diagnoses corresponded. Tentative radiological diagnoses had been made either by an expert radiologist or an orthopaedic consultant at the local centres, or by external orthopaedic consultants referring the patients. Plain X-rays were classified according to Diard et al. [7] enabling us to define the precise amount of affected trabecular bone areas (Figs. 2, 3 , and 4). Intraosseous lipomas were additionally re-examined according to Milgram's classification [10, 11] . Nineteen patients had been included in previous studies [12] [13] [14] .
Results
Seventy-nine patients were alive as of October 2011 with a mean follow-up of 4.6 (range 0-14.1) years. Patients' features are summarised in Table 1 .
When admitted to our departments, the main current complaint was of pain without prior history of trauma in 53 (66 %) of 80 documented cases (n =12 not documented). In 15 (18 %) cases the lesions were detected incidentally. Symptoms, if any, preceded the definitive diagnosis for a mean time of 12.6 (range 1-60) months. The mean time in benign lesions was 11.4 (range 1-60; n =11 not documented) months. For malignant lesions, a mean time of 17.2 (range 1-60; n =4 not documented) months was documented.
Radiological appearance was suspicious for a malignant lesion in 27 of 89 cases (three patients without X-rays available), and thus those patients underwent open biopsy prior to definitive surgery. In 11 cases histological samples were subjected to intraoperative frozen section analysis. Surgery was performed in 37 cases (n =2 not documented) without biopsy. Here, local recurrence occurred in three cases, which were then correctly revised to high-grade osteosarcomas.
Tentative radiological diagnosis differed from definitive histological examination in 38 (41 %) of 92 cases (n =3 radiological diagnoses were not available) ( Table 2 ). Five of seven (n =2 not documented) cases of osteosarcoma were initially described as benign lesions based on tentative radiological diagnosis and thus resulted in inadequate operative treatment ("whoops procedure" [15] ) in three cases. These patients finally underwent amputation surgery due to local recurrence.
To define the affected trabecular area of the calcaneal bone, the classification according to Diard et al. [7] (Fig. 3) was applied in 80 patients (n =12 plain X-rays were not available). Trabecular area 6 (radiolucent area) was affected in 64 (80 %) Fig. 1 Distribution of definitive diagnoses. LY lymphoma, ME metastases, ES Ewing's sarcoma, OS osteosarcoma, ABC aneurysmatic bone cyst, IL intraosseous lipoma, Other osteomyelitis and osteonecrosis, SBC simple bone cyst. The definitive diagnosis in 75 (81 %) of 92 cases was that of a benign lesion. Of these benign lesions, 26 were diagnosed as simple bone cysts, 26 as osteomyelitis or osteonecrosis, 12 as intraosseous lipomas and 11 as aneurysmal bone cysts. Malignant lesions were present in 17 (18 %) cases, of which 4 patients presented with metastatic disease with known primary site affecting the os calcis (1 female patient with breast cancer and 3 male patients with rectal carcinoma, colon carcinoma and lung cancer, respectively). Furthermore, seven osteosarcomas, five Ewing's sarcomas and one lymphoma were diagnosed of 80 plain X-rays, whereas areas 1 and 5 only were affected in nine (11 %) and 16 (20 %) cases, respectively (Fig. 4 ).
Discussion
Tumours of the calcaneus are exceedingly rare, although intraosseous lipomas and simple bone cysts are disproportionately frequent at this site compared to the rest of the appendicular skeleton. The data presented herein suggest that a benign lesion may not be routinely deduced from benignlooking radiological features accompanied by a long history of symptoms.
To avoid misdiagnoses, we strongly recommend plain Xrays in two planes and magnetic resonance imaging (MRI) with contrast medium enhancement [5, 7] . Computed tomography (CT) scans can also be useful, because bony structures can be assessed better [6, 26] . At the time of surgery, imaging should not be older than four weeks [16] .
When admitted to our departments, the main current complaint was of pain without preceding trauma in close to two thirds of documented cases. To our knowledge, these symptoms may occur in many conditions, ranging from trauma to chronic inflammation to malignant neoplasms. Astonishingly, there was at least a 12-month interval between onset of first symptoms and correct diagnosis in six of 13 documented Fig. 2 Fig. 3 Calcaneal trabecular bone architecture. According to Diard et al. [7] the calcaneal trabecular bone architecture is described by six trabecular bone groups. In terms of functionality, the thalamic group (area 1) is the most important one, characterised by a trabeculation arising from the subchondral bone of the subtalar joint spreading on the cortex of the posterior tuberosity with a concave anteroinferior curve. The inferior plantar group (area 2) arises from the inferior cortex and spreads on the cortex of the posterior tuberosity with an anterosuperior curve. The anterior apophyseal group (area 3) is small and arises from the calcaneal cortex next to the tarsal sinus and spreads to the subchondral cortex of the anterior tuberosity. The anterior plantar group (area 4) is much reduced, spreading from the anterior part of the inferior cortex to the cortex of the anterior tuberosity. The posterior or achillean group (area 5) is parallel and close to the posterior cortex strengthening the posterior tuberosity. The first three major groups intertwine and delineate a central triangular radiolucent area (area 6) of rarefacted bone cases with malignant lesions (mean interval 17.2 months; range one to 60). Delayed treatment usually leads to higher morbidity, often making limb salvage impossible, which is functionally devastating, and can even lead to immediate (1) (2) (3) Fig. 4 Localisation of lesions (calcaneal trabecular bone architecture according to Diard): 1 all lesions, 2 benign lesions, 3 malignant lesions. Trabecular area 6 (radiolucent area) was affected in 64 (80 %) of 80 investigated plain X-rays, whereas areas 1 and 5 only were affected in 9 (11 %) and 16 (20 %) cases, respectively. The lesions were mainly (58 %) located in inferior anterior parts of the calcaneal bone. In 48 (64 %) of 75 benign cases the lesions were restricted either to the inferior anterior part (areas 3, 4 and 6) of the bone, to the central triangular area of rarefacted bone (area 6) or to the anterior plantar bone areas 4 and 6. Malignant lesions were most frequently (68 %) found in the inferior anterior part (areas 3, 4 and 6) of the bone as well Sixty-nine patients had no evidence of disease and ten were alive with disease (AWD). Five patients were lost to follow-up and eight patients died of disease (four osteosarcomas, three metastases, one Ewing's sarcoma). Patients with primary malignant disease had a 4.6-year mean follow-up (range 0-13.9). For all malignant conditions, the mean age at surgery was 35.3 years (range 8-68). All patients with benign tumours who underwent surgery remained free of recurrence. Sixty-two curettages were documented as well as one injection of bone marrow and one below knee amputation due to a desmoplastic fibroma. For benign lesions, the mean age at surgery was 72.5 years (range 5-78)
asp/bm aspiration/bone marrowNED no evidence of disease, AWD alive with disease, DOD dead of disease, LOST lost to follow-up death from the disease [1] . As the data presented herein reveal Ewing's sarcoma and osteosarcoma in the majority of malignant cases, malignancy should be ruled out especially in children as these conditions frequently occur in young patients. A benign asymptomatic lesion is not necessarily an indication for surgery. Often, the best policy for these lesions is a radiological examination after three and nine months, followed by annual examination in the context of a "watch and wait" approach [14] . According to our data, curettage seems to be an adequate treatment option for benign lesions that are symptomatic or at risk of fracture [2, 3, 10, [17] [18] [19] . As this paper is based on multicentric data, we can only assume that all treatment regimes for benign lesions were appropriate as there was no control group in this retrospective study. In addition, we assume that our documentation of pathological or incipient fractures in benign lesions is insufficient. In 26 patients with simple bone cysts only two cases were not subjected to surgery, although in previous literature reports pathological fractures are exceptional [20] . The same authors report that simple bone cysts are very rarely symptomatic, which is in complete contradistinction to our data, since all patients with simple bone cysts reported severe pain and swelling. A partial explanation for this inconsistency is the fact that several of our patients had calcaneal spurs that perhaps caused the symptoms, and thus the simple bone cysts were misdiagnosed as symptomatic. Accordingly, we should admit that some benign cases presented herein could also have been treated in terms of a watch and wait approach. However, we did not observe local recurrence for benign lesions in patients treated with curettage. Whenever local recurrence was observed, the patients had been primarily treated in terms of a whoops procedure.
The only adequate treatment for primary malignant bone tumours is wide resection [16] . Concerning the calcaneal bone many authors favour below knee amputation [1, 5, [21] [22] [23] after major resection of malignant tumours. While limb salvage for osteosarcoma of long bones is accepted as state-ofthe-art treatment, it can rarely be applied for malignant tumours of the calcaneus, due to loss of function [12] . Limb salvage of primary malignant calcaneal tumours is sometimes performed for stage I (low-grade) and stage IIA (high-grade, intracompartmental) lesions according to Enneking [8, 9] .
The calcaneal trabecular bone architecture is divided into six trabecular bone groups [7] . Due to this unique architecture a central triangular radiolucent area (area 6) results and may be confused with a cystic lesion, because both entities can have similar radiological features. Diard et al. describe area 6 as fatty pseudocyst [7] ; approximately 70 % of all patients show this radiolucent area as an anatomical variant [7] . Correct diagnosis can therefore be demanding even for experienced consultants. On the other hand, our results show that most 
Other (osteonecrosis and osteomyelitis)
For each condition, the tentative radiological diagnosis was retrieved from the patient's files. Tentative radiological diagnosis differed from definitive histological examination in 38 (41 %) of 92 cases (n =3 radiological diagnoses were not available). In benign lesions 28 (37 %) of 75 tentative diagnoses differed from the definitive histology. Of 12 intraosseous lipomas, 6 were correctly reported as benign lesions with typical central calcification, whereas, if radiologically missed (n =6), intraosseous lipomas were suspected to be aneurysmal bone cysts. According to Milgram's classification [10, 11] , intraosseous lipomas were retrospectively classified as two stage I lesions, three stage II lesions and one stage III lesion (n =6 MRI not available). In three of four cases with metastatic disease plain X-rays were correctly signed out. Imaging showed specific features that were consistent with those of aggressive bone lesion with cloudy, partly osteolytic, partly osteoblastic areas. However, in the case of a 77-year-old male patient with metastatic disease plain X-rays were initially misdiagnosed as stress fracture. In one case of osteosarcoma the time interval between onset of first symptoms and histologically correctly signed out diagnosis was 60 months. This lesion was initially diagnosed as a simple bone cyst and treated with curettage alone in terms of an unplanned excision (whoops procedure [15] ) leaving a residual tumour ND not documented a More than one tentative diagnosis was made lesions are at least partially located in this central triangular radiolucent area. However, the classification according to Diard et al. [7] does not support definitive conclusions regarding the true nature of the lesion because our data give no evidence of a characteristic distribution of benign and malignant lesions in the os calcis. The diagnosis of an osteosarcoma of the calcaneus should be regarded as especially demanding. Even histological examination seems to be limited sometimes, because it does not routinely reveal the correct diagnosis. Several factors may contribute to this, since in contrast to other locations differing biological behaviour of calcaneal osteosarcoma has been noted before [2, 3, 12, 13, 24] . Some authors suggest that osteosarcoma of the foot may represent a distinct subgroup with clinical features that differ highly from conventional osteosarcoma [5, 22] . Clinically, radiographically and histologically they often mimic benign lesions. On the other hand, some benign lesions can have the appearance of an osteosarcoma [5] . Due to their rarity, correct diagnosis of malignant lesions of the foot is often missed for months [4, 5, 21] . Thus, inadequate therapy is instituted. Based on previous data, the mean time interval between onset of symptoms and correct diagnosis is usually more than one year [5, 12, 13, 21] . Case reports of missed osteosarcoma of the calcaneus have been reported [5, 12] . The results of our study appear to be consistent with previous data [25, 26] .
To conclude, the results of this paper suggest that:
1. X-rays alone are insufficient to assess the true nature of all lesions. To obtain the correct diagnosis, preoperative plain Xrays in two planes and MRI with contrast enhancement should be performed in symptomatic lesions. 2. Most osteolytic lesions seem to have their origin in the central triangular radiolucent area (area 6) according to Diard. However, Diard's classification does not allow malignancy to be ruled out, because there is no characteristic distribution of benign and malignant lesions in the os calcis. 3. Increasing pain without trauma for more than ten days should always justify further examinations. If there is any suspicion of malignancy, a biopsy is required to establish the true nature of the lesion prior to operative treatment.
